Abstract-In some real-world multiple attribute decision making (MADM) problems, a decision maker can strategically set attribute weights to obtain her/his desired ranking of alternatives, which is called the strategic weight manipulation of the MADM. Sometimes, the attribute weights are given with imprecise or partial information, which is called incomplete information of attribute weights. In this study, we propose the strategic weight manipulation under incomplete information on attributes weights. Then, a series of mixed 0-1 linear programming models (MLPMs) are proposed to derive a strategic weight vector for a desired ranking of an alternative. Finally, a numerical example is used to demonstrate the validity of our models.
INTRODUCTION
Multiple attribute decision making (MADM) refers to the problem of ranking alternative based on the evaluation information of alternatives associated with multiple attributes [16, 32] . MADM has been widely used in many fields including engineering, technology, economy, management and military [6, 14, 25, 35] .
The attribute weights play an important role in MADM problems. In the existing literature, there are several approaches to obtain the attribute weights from the decision maker's preference information on the set of attributes [1, 7, 17, 20, 28, 30] . However, sometimes, decision makers might find difficult to provide precise attribute weights because of time pressure and limited expertise in regards to the problem domain, which could result in incomplete information of attribute weights.
Decision makers may express their opinions dishonestly to favor their own interest, which is generally known as strategic manipulation or non-cooperative behaviors [11, 13, 15, 26, 29, 33, 34] . Thus, the strategic weight manipulation problem in which a decision maker may strategically set attribute weights in order to obtain her/his desired ranking of the alternatives in the process of setting attribute weights in a MADM problem is worth dealing with.
Although there exists numerous approaches to set attribute weights [1, 7, 17, 20, 28, 30] , it is also true that the general theoretical framework that governs the strategic weight manipulation is not always considered. In this study, we define the concept of ranking range of an alternative in MADM under incomplete information of attribute weights. Then, a series of mixed 0-1 linear programming models (MLPMs) are proposed to derive a strategic weight vector by manipulating the decision makers' attribute weights under their given incomplete information.
The rest of this paper is organized as follows. Section 2 provides the basic MADM concepts and the description of the proposed strategic weight manipulation problem under incomplete information of attribute weights. Section 3 proposes mixed 0-1 linear programming models to obtain the ranking range of an alternative and a strategic weight vector to manipulate the ranking of an alternative under incomplete information. Section 4 provides a numerical example that shows the validity of the proposed models. Finally, Section 5 concludes the study.
II. PRELIMINARIES
This section introduces the basic concepts regarding MADM problem, incomplete information of attribute weights, and the proposed strategic weight manipulation problem as needed for the rest of the paper. 
A. MADM problem
(2) Aggregation of the standardized decision matrix and ranking of alternatives. In this study, we use a weighted average (WA) operator as the decision evaluation function, D(x i ):
Alternatives are ranked according to their evaluation value.
..,n { } be the set alternatives whose decision evaluation value is greater than that of alternative x k , and let | Q k | be its cardinality. Because x k ∉ Q k , then the following definition of the ranking position of an alternative is justified:
Let ( ) 
B. Incomplete information of attribute weights
As mentioned before, in MADM problems, decision makers could provide incomplete attribute weights information, which can be modeled using one of the following representation formats [21, 22, 27 ]:
• Weak ranking:
• Strict ranking:
• Ranking multiples:
• Interval form:
• Ranking differences:
• Bounded:
In Eqs. (4)- (9),
θ are all assumed to be non-negative constant.
Let S be the set of attribute weights subject to one or more of the Eqs. (4)- (9) . Such set S is referred to as a set of incomplete attribute weights. The following example illustrates three different sets S of incomplete attribute weights.
Example 1:
Assume three attributes 1 2 3 { , , } a a a . The following are three possible sets of incomplete attribute weights information:
C. The proposed strategic weight manipulation problem
Because different attribute weights may yield different ranking of alternatives, in the following the ranking range of alternatives for a set of incomplete attribute weights is proposed:
Definition 1: Let S be a set of incomplete attribute weights for a given MADM problem,
be the best and worst ranking of alternative k x for all possible incomplete attribute weights in S ,
is called the ranking range of alternative k x for attribute weights set S .
In a MADM problem, a decision maker may be interested in finding out, and subsequently proposing, the attribute weight vector leading to her/his desired ranking of alternatives. This is referred to as the strategic weight manipulation in MADM under incomplete information of attribute weights set.
III. STRATEGIC WEIGHT MANIPULATION
In this section, we present mixed 0-1 linear programming models to obtain (A) the ranking range and (B) the strategic attribute weight vector to manipulate the ranking of an alternative. 
A. Ranking range
 > − − =     ≤ + =    = =  ∈   ∑ ∑ ∑ ∑ ∑(10) > − − =     ≤ + =    = =  ∈   ∑ ∑ ∑ ∑ ∑(11)
B. Strategic weight manipulation on an alternative
Based on Eqs (12) and (13), an optimization-based model to find out the decision maker's strategic weight is presented as follows.
To obtain the optimum solution to model (14) , the following notation is introduced: 
A decision maker can manipulate a strategic weight to obtain her/his desired ranking of the alternative k x if the optimum solution to model (15) exists. Otherwise, it is not possible to obtain her/his desired ranking of the alternatives by manipulating a strategic weight.
IV. NUMERICAL ANALYSIS
Let us consider the following numerical example, with data provided in Appendix B, regarding the Academic Ranking of World Universities (http://www.arwu.org/) to demonstrate the validity of the proposed models. In this example, the set of alternatives consists of 50 universities 1 2 50 { , ,..., } x x x , which are ranked using their performance regarding the following set of 6 attributes: , then using models (10-11) the ranking range of the alternatives 1 2 50 { , ,..., } x x x is obtained, R , and given in Table 1 . (1 6 ,1 6 ,1 6 ,1 6 ,1 6 ,1 6) w = be the objective weight vector of attributes. We consider three cases:
Case A. The incomplete attribute weights set is: Model (15) is used to manipulate the strategic weight vector * w so that the desired ranking of different manipulated alternatives, * r , is obtained as listed in Table 2 . This illustrative example highlights the main difference between the existing approaches to attribute weights setting and the proposed models in this study, which consists in the assumption made in the proposed model in this regarding the decision maker as dishonest, and aiming to find which the strategically setting of attribute weights to allow her/him to achieve the desired/targeted ranking of interest.
V. CONCLUSION
This paper focuses on some issues on the strategic attribute weight to manipulate the ranking of alternatives for incomplete information of attribute weights. First, we define the concept of the ranking range of an alternative in the MADM, and propose MLPMs to obtain the ranking range of alternatives and design a strategic attribute weight vector to obtain a desired ranking under incomplete information of attribute weights. A numerical example is used to demonstrate the validity of our models. In the future, we argue that it would be worth investigating the MADM strategic weight manipulation with incomplete information in a group decision and consensus reaching context [2, 3, 5, 8, 12, 18, 23] , as well as the strategic expertweight manipulation in the group decision making with preference relations [4, 9, 10, 19, 24 
